Actually, reductions of Mn (Mn(IV)→Mn(III)→Mn(II))
and Ce (Ce(IV)→Ce(III)) via repeated use were confirmed for this material system 12) . Therefore, decomposition in the dark gradually decreased via repeated use, but recovered as a result of heat treatment in ambient air.
In our earlier study, effects of MnO x and CeO y modification on dark activity are less remarkable for anatase than for rutile 12) . One plausible explanation is the interaction between base material and MnO x . Zhang et al. demonstrated that the reduction temperatures for both Mn(IV)→Mn(III) and Mn(III)→Mn(II) depend on the base material impregnated with MnO 2 14) . α-MnO 2 possesses a rutile-type crystal structure 15) . Therefore, activation energy for reduction of MnO x might be different between anatase and rutile. Three TiO 2 polymorphs are rutile, anatase, and brookite. Although anatase has been used widely as a photocatalytic material, several reports have described the high photocatalytic activity of brookite 16, 17) . For the present study, using the CCC process, we modified brookite-type TiO 2 particles with MnO x and CeO y . Then, the activity of the powders on the decomposition of 2-naphthol in water was investigated in the dark, as in earlier studies 8, 12) . 2．Experimental 2.1 Sample preparation and characterization All starting chemicals used for this study were reagentgrade. A brookite-type TiO 2 powder (Titanium(IV) Oxide, 99.99%, Koujundo Chemical Lab. Co. Ltd.) was fired at 500°C for 1 h in air. The TiO 2 powder (1.2 g) was
